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16. 926/70 

making the same, 



• ^« divided into two general i 

absorbable sutures whirh classes; 
®^ Which are absorbed in tho k. 

Chans, or r.„„„, T ^^'^ ^o-/ wUh«,t 

T^e polypropylene sutures of th. 
present Invention are or t*, ^ 

are or the second type: l e ,k 
nonabsorbable m the hu.an body. ' ' "° 

^e. strongest polypropylene monoma.cnt- 
generally be mari*. -^^mcnto can 

made from resina of high molecular weight 
and high crystallinitv -t^ ^ 

^iinity. the processing condition^ 
with the resin physlr«T "-^itions along 

" '''^^'"^ ^"oP-tles determine the ftpal ^ 
filament properties, and it la Known . 

io Known that to obtair, 

align the polymer molecules. 
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1 6.926/70 .iAC«^ 

Some of the Bdvantages of oriented (tootatl c 
Dolypropylene aa a euture material are described In 
United States Patent No. 3,359.983- ^«^****«|[^polypropylene 
monofilament la highly Inert that minimal tlesue reaction 

occura In the sMture area. . 

It haa long been recognized that the drawing or 
stretching of polypropylene monofilament that lo requli'ed 
to Impart the neceaaary tenacity for suture use reduces 
the flexibility of the reaultlng product and results In, •. 
poor handling qualities . VmUe the handling characteristics 
of the suture are difficult to define, a suture should not 
be wiry or stiff and should remain In the position In which 
it is placed until moved by the surgeon. 

Generally speaking, a stiff suture that has poor 
handling characteristics Is Inelastic and will break upon 
Btretching. The polypropylene sutures of the prior art 
were characterlred by an ultimate elongation (the percent 
Increase in the length of the monofllanent when stretched 
at room temperature to the breaking point) of less than .. 
25 percent. By contrast, the flexible polypropylene mono- 
filaments of the present invention are characterised by nn 
ultUnate elongation of 35 to 63 percent. 

It is another disadvantage of the polypropylene 
monofilaments previously known that they exhibit memory and 
will tend to retain the shape of the package. Stated In 
another way, a monofilament that is packaged aa a coll will 
to a large extent retain the coll form after remove] from 
the package. This makes It difficult for the surgeon to 
handle and tie down the monofilament particularly in tho 
large eUea, i.e., size 2/0 and above. 
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invention which enables nn^ i- . " 
.ononis , '0 «„„f„ture a. polypropylene 

»on,ru..ent .....n-e of ..tl,f.ctory tenacity 

bUlty that is d=«„ded by the surgeon. 

of an extruded. Ut^^^^ll C -> 

(tt^^ polypropylene suture can be greatly 
Improved »d.th little saenri^^ * * -^^ 

sacrifice In tensile strength by 

8tretchl,ng under controliflri 

ni:roiied cbndltlons to about 6.6 times 

the original extruded lencth nnH , 

"^^'^ ^'^d then relaxing or shrinking 
the monofilament to bptwo«« m • 

between 91 percent and 76 percent of 

the stretched length. 

extruded polypropylene monofilament may be 

drawn at conventional tenmeraturA«" 4 

coperarurea. I.e., betveen 26o«F 

" -noril.„e„t u .pproaoHln^ 

the molten .t.ge. .„<, breatege c.„ be e problem. Ibe 
tenacity of the mo«om»ent l. .^^.^ „ ' 

dra.ln« la efrected at the low te^erature (In the neighbor- 
hood or Thue a product, the t.n.Ue strength or 
*lch is suitable ror suture (tenacity 3.3 to^U gra.s 
per denier.) ^y be obtained with a draw ratio of about ' 

6.6;1 at 26o''F.-?2'5'P tv- « * 

325 F. The preferred drawing temperature " 

for practicing the preaent invention is 300 "^F. 

The relaxing or shrinking of the monofilament la 
also carried out at an elevated temperature, which may be ' 
within the range of the drawing temperature, i.e., 26o-p, . 
to 325-F. Again, It le preferred to shrink the monofilament 
at a temperature of 300 "F. 
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that; nave not c< 



MonofllamentB thai nave not contracted to 91 
percent of the stretched length have an ultlmQte elongation 
of about 23%s a Young's Modulus greater than about 6 X 10^ 
and are lacking In flexibility as dete mined oa the Gurloy 
tester. Fllamente that have contracted more than 76 percent 
of the stretched length have dn excellent hand but may be 
deficient In tensile etrength. The- preferred amount of 
shrinkage that results In a polypropylene suture of good 
hand and tensile strength Is about 82-85 percent. 

As Indicated above^ a stiff or wiry suture Is 
difficult for the surgeon to handle* and tie dovm. A 
flexible suture by contrast has a ''dead'' quality and may . • 
be characterized by the surgeon as .^throvable . " Fortunately, 
the hand of the monorilament suture can be related to 
certain physical characteristics that will enable one to 
predict ita acceptabilltjr to the surgeon Independent of 
such subjective parameters as throKablUty, deadneaa, 
flexibility, or hand. One instrument that has been 
specifically designed to measure the stiffness or flexi- 
bility of textile materials is the Curley tester. The 
Gurley stiffness of a monofilament suture as measured by 
this Instrument is a measure of the desirability of a 
suture from the standpoint of its handling characteristics. 

Other physical characteristics of polypropylene 
monofilaments that may be directly related to the ease of 
handling by the surgeon are Young's Modulus, which is a 
measurement of flexibility, plastic flow, which Is a meoBure 
of feXtendability, yield stress data and the percent elonga- 
tion at the breaking point. These properties are an indi- 
cation of the acceptability of a polypropylene mono- 
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• ri]^r:.nt to the eurgeoB. The^ L^^d^of determining 
these characterletlea and their correlation with 
pliability are described below. 

/ccordlns to the invention therefore there ie 
proTlded an iaotactic polypropylene monofllaiDent 
8taril« Buture, md lectactlc polypropylene having 
the roll owing characteriatica; 

Tolgh? Average Molocalar Weight -294,000 to 

516,000 

KuiDber Average Molecule Weight -78,400 to 

82,100 

Tcnalle Strength o t„ p o 

■^•5 ^0 8.9 grana/denler 

Inot Strength « ♦„ t « 

to 7.9 grans/denier 
Break Elongation -36;J to 62:4 

5.23 X 10' p.a.l. 

ffhe dlaaeter of the suture la preferably in the 
range of from o'.002 inciea to 0.02 inches. ■ 

Aceoxdlnfi to the laventlbh there ie also provided 
a needled eurgical euture comprlalng an isotactic 
polypropylene suture attached to a eurgicai needle, 
aald needle and eald auture being eterlle, eald laotac- 
tlc polypropylene having the following characterletlea: 

Veifiht Average Molecular Weight - 294^000- to 

316,000 

I 

Jfufflber Average Alolecular Weight - 78,400 to 

82,100 

Tenaile Strength .3.9 to 8.9 graiaa/denler 

Xnot Strength . 3.3 7,5 graae/denler 

BreaJc Elongation - 36j£ to 62^ 

Young'fl Jiodulua _ 3.13 , ^^5 ^^^^^^ 

5.23 X 10^ p.B.l. 

Ihe diameter of the euture is preferably In the 
range of frorj 0.002 inches to 0.02 inchee. 
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1 6.92 6/70' • 

According to the invention there le further 

provided a eurgical suture packoge comprising 

a sterile encloeure and therein a aterile needled 

surgical Buture coDprielng an ieotactlc polypropylene 

suture attached to the surgical needle, aald ieotactlc 

polypropylene having the following charaoterietlce: 

Weight Average Molecular ICeight - 294,000 to 

316,000 

Number Average Kolecular Weight - 78,400 to 

• 82,100 

lenfillo Strength - 3.9 to 8,9 greiaa/ . 

' denier 

Knot Strength - 3.3 to 7.9 grans/ 

denier 

Break Elongation - 36jt to 62J6 

Xoung's Modulus - 3.13 3c 10^ p.s.l. to 

5.23 X 10> p.a.i. 

Ihe diameter of the suture Is proferahly in the 

range oi from 0.002 inohea to 0.02 inchea. 

' The invention finally Includea a Mthod of 

inprovlzig the flexibility and hand of an extruded 

ieotactlc polypropylene monofilament which coaprieaa 

the steps of stretching aald Doncfllaxaent at a tec^ 

perature in the range of 260^?. to 325^y. to 6.6 times 

Its original length; and subsequently heating aald 

oonofllament at a temperature in the range of 285^'- 

300®P. and permitting the stretched monofilament to 

contract to between 91?^ and 76?{ of its stretched 

length. 
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16.926/7(r 

The invention ^,ni appear «,orc clearly from the 
relieving detailed description when taken In connection 
Kith the following drawings which show by way of example 
a preferred em,bodlment of the Inventive Idea. 

Figures la and lb lllijstrate apparatus for 
extruding and drawing polypropylene monof llan^ent m accor- 
dance with the invention. 

Figure 2 le a perspective view of two godets that 
draw and orient the polypropylene monof Uatnent. 

FlSyro 3 13 a perspective view of the godeta shown 
m Figure 2 and -llluatrates the slmultancouE drawing 
of four polypropylene monofllaraents. 

Figure 4 Is a perapective view of a creel.. 
Figure 5 IB an enlarged view partially m section 
of the lower left leg of the creel as viewed from the right 
in Figure U, ahowlng the creel m an extended position. ' 

Figure 6 18 a sectional view of the log of the 
creel Illustrated in ^Figure 5. ahowlng the creel In a 
modified position. 

Figure 7 la a eectlonal view of the leg of the 
creel illuGtrated in Figure 5. ahowlng the creel In a. 
retracted pofiltlon. 

Figure 8 is a eectlonal view of the leg of the 
creel on the line 8-8 of Figure 5. 

Figure 9 le a perspective view of a Gurloy 
stiffness tester. 
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Figure 10 1, . Us?^t§^ view of . jig deelRned 
to t)e used with the Curloy tester, and 

FlgTjre 11 la a flectlonal view on the tine H-n 
of Figure 10. 

Figure 12 la a reproduction of a Btreea-etraln 
curve. Obtained by applying atreaa at a constant rate to a 
polypropylene strand that has been produced in eccordance 
with the present Invention. 

. the preferred meth6d for preparing the flexible 
polypropylene sutures of the present " Invention utilizes as 
the rav ««terlal pellets of /^^^J^ polypropylene having " 
a freight average molecular xelght of from about ^1^^^ 
to about 316,000 and a „un.ber average molecular weight of 
from about 78,(K)0 to about 82,100. nie computed ratio of 
^r/^n Polypropylene of thle grade la available 

in both powder and pellet for«. PellotjB, the maximum 
diaaeter of which do not exceed one^quarter inch, may be 
used In the process to be described. 

Referring now to the apparatus illustrated in . 
Figures la and lb and to the physical steps involved in 
extruding, orienting, and relaxing the polypropylene mono- 
fllaaent, the extruder 10 that is used to form the 
polypropylene monofilament has a cylindrical barrel 11 
supported In a horizontal plane and terminating at one end 
at an adaptor section 12.whlch leads to an extrusion die ik. 
A longitudinal screw l6 is mounted for rotation within the 
barrel 11 and is driven by the sprocket cenr l8 po.LUonod- 
at the end of the extruder . that la remote from the 'He 
through the chain 19 and a variable speed motor not chown. 
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Polypropylene pellets Joh^My rror. tUc hopper n 
into the cylindrical barrel of the extruder and a,M .oved 
by the screw 16 In the direction of the die. The tempera- 
ture of the extruder is controlled by three electrical 
heatlns units 22, 23. and 24. which surround the barrel 11 
and the die 14. A cooling Jacket 25 surrounds that end of 
the extruder barrel that is most remote from the du and 
renovcs heat from that end of the screw 16 that llos be- 
neath the hopper. 

The die l4 is constructed with a long land length 
and raay have one or more orifices. Preferably, tho die 
orifice has an entrance angTe of 20". With this entrance 
engl*, streamlined flow la obtained insuring uniform 
«xtrudat6 . 

Polypropylene pellets, the maximum dimension of 
Hhlch 18 leea than one-quartor Inch, are placed in the 
hopper 21 and flow by gravity into the barrel 12 of the 
extruder which Is at that point maintained at room tempera- 
ture or below by vater flowing through the cooling Jacket 
25. The screw 16 conveys the polypropylene pellets through 
the feeding zone 22 into the metering zone 23 of the extruder 
wherein the polypropylene pellets are compressed and metered. 
The melted polypropylene then passes through the die Ik, 
the temperature of which la controlled by a heating Jacket 
2li, and into a quenching bath 27/ which may be a water bath. 
In normal operation, the feeding zone 22 ia maintained at 
about 430 'F., the metering zone 23 between iJOO'F. and 450"P., 
the die 14 between 4oo«F. and iSO'F., and the quenching 
bath at about 75'F. to 85*f. 



4 4 1, 5 6 1 



The e;ctrudecl n^onItL^^§^u solidified as It 
n>ovea downwardly Into the quench bath. The nonof llaroent 
paBsee around the Idler 30. over the roller 32, and la 
wrapped around the godeta 33 and 3^ to prevent the slipping 
that might othervlae occur u a reault of etretchirvg the 
nonofilaJBent to orient the ean,e and increase Its tenaUe 
strength. 

The monofilament from the godet 33 la stretched 
and oriented by paaalng it through the heating chainber 
36 and around the godeta 38 and 39 which rotate at a 
higher peripheral velocity than the godeta 33 and 3^. 
thereby stretching the moriofhajaent froo 6 to 7 tUaoe its 
. original length «id orienting the Bonofilaiient. -mo 
manner of wrapping the polypropylene monofilament around 
the godeta 38 and 39 U ahown in Figures 2 and 3. Figure 3 
llluBtratea the arrangement of four »cnof ilementa extruded 
slinultaneouBly throu^ a dl^j havii^ four orlflcea. ih^ 
temperature of the ftonofii'ament as It paaees through the 
chaflibor 36 is loalntalned at about 26<f Fto 325 

Hie etretched and oriented monofilament from the 
godet 38 passes over the guides Ho and the reciprocating 
guide kX and is collected on apool 42. The epools of 
polypropylene monofilament may be stored for further 
processing.- 

In the eecond stage procesalng of polypropylene, 
the aonofllament la permitted to shrink, ThU atep may be 
carried out by a discontinuous proceas whereby a fixed " 
2t^PXi'^ polypropylene monofilament la heated to about 
/3(X)'F. and permitted to shrink to between^Je percent and 
195 percent of its original length. 

441.5 61 
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The discontinuous Ylnlshlne procccs I.. i.i3„::i r:ac<l 
in Plguree through ,8. The polypropylene monorUnmcnt-u 
transferred frorn spool i»2 to a creel ii3 by rotatln,; Lhc 
creel on Its a^emu^ power being 3upp3 le-l by Lhc n,oCor 
a6 through the pulleya ^7 and and the belt 'mj. The creel 
ii3 may be conveniently constructed of channel Iron with 
two-leg sections 50 and 52 that are welded at one end to a 
crossbar 53. ^he opposite ends of these leg sections .lid- 
ably receive channel sections 54 and 55, which ore welded 
to a croBsbar 57. The position of the crossbar 57 u 
fixed vlth respect to the opposite crossbar 53 by the stay 
bolts 58 and 59 which pass through the channel section 
and the leg section 50. Sinilar bolts 58' And 59' paas 
through the channel section 55 and the leg section 52. 
long dimension of the creel measures 50-1/2 inches vhcn ox- 
tended as shown in Figure U, 

After a layer of polypropylene monofilament has 
been Wound onto the creel il3'; a retention strip 56 la fas. 
tened to the crossljar 53 of the creel by bolts 51, 
thereby conpresslng the polypropylene monofilaments between 
the retention strip and the end of the creel. A second reten 
tlon strip 56' iB bolted to the opposite crossbar 57 of the 
creel thereby preventing the polypropylene from shifting 
during the heat-shrinking step. When the retention stripe 
arc In position, the creel is supported on Its axel ii'i with 
the movable crossbar 57 of the creel in Its lower-moet posi- 
tion, and the stay bolts 58, 59> 58' and 59' are removed from 
each leg of the creel. The channel sections 5!^ and 55 are 
then telescoped Into the lege 50 and 52 a distance corres- 
ponding to the desired amount of shrinkage and the stay 
bolts replaced. The creel is then placed in an oven main- 
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Uined at 300^. and rotatlLH-^^^^r.p.^. .0 Xnsure unL- 
form heating. At this temperature, the polypropylene 
that is wrapped on the creel ahrlnlco causing the channel 
5ecticn3 5^ and 55 of the creel to toleacope Into the leg 
nectlona 50 and 52 aa indicated by Figure 6. TT,o creel 1. 
removed from the oven after 10 minutec and Is pennltted to 
cool to room temperature. TT,e poaltion of the end 57 of the 
creel after the heat^chrlnking atep 1, shown In Figure 7. 
AS indicated above, the creel in Ita extended position 
(PlgMre 5) has a length of ' 50-1/2 inches, which may be 
reduced to U2 inches (Figure 7) after ahrinlcage of each 
50-1/2 inch length of polypropylene anounta to 8-1/2 inches 
(from 50-1/2 inchea to k2 Inches in Increments that penalt 
shrinking of the monoflla;„e„t from 9I percent to 75.6 percent. 

Straight polypropylene monofilaments U2 inches in 
length are removed from the croel" by cutting the fUoments 
at the opposite ends 53 and 57 of the creel. Weedlec may 
be swaged to one end of the monofilaments so obtained. 
Ihe heat-relaxed monofilaments with or without needles 
attached thereto are cooled, packaged, and sterilized for 
uae as surgical outures. 

The present invention will be further Illustrated 
by the following examples which deecrlbe the manufacture of 
polypropylene sutures (size 2 through 7/0) and the physical 
properties thereof. In all of the following examples" *^ 
{.tUU polypropylene is used having awvelght average molecu- 
lar weight Of between .aWt 29^,000 and aWt 316,000 ond o 
number average molecular weight of between vH^Hoo ond 
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• 62.^00. TO tnis reL^?2a^,5?o.5 ... -ca r,v wM,,ht of 

copper phtholocyanlne dye, which Impartn drwk bluo color 
to tha recln and tho monof llaoantn. oxH-uUoO Lhcrp/Tom. 

Heat .•jt.-.Miiroro and other procor.nJn/'. co/npoundfi 
knovn m the art may be added to Improve the roBlrt:.nco to 
oxidation during the extruaion «nd procesnlng steps. Com- 
poundB comonly ueed for thlB purpose are tertiary butyl- 
o-cresol^{^^ together vlth dllauryl thlo-proplonate In 
amounte of about 0,25% each. 

The tenfllle strength and percent elongation at 
break reported in Examplea I through Xm are determined by 
A.S.T.H. method D-2256.66T using a constant rate of exten- 
sion teeter, naaely a table model IHSTMH universal tectlng 
msti^ent manufactured by the Irmtron Corporation of Canton, 
•tessachUBetts. This test method is described in the 1966 
Book of A.S.T.M. Standards, part 2k (publiehed In August of 
1966 by the American Society for Testing Material, I916 Race ' 
Street,. Philadelphia, Pennsylvania), The 20 seconds to 
break 1b approximated by ufiinijl'a one-inch sample (or gauge 
length) with the INSTRDN Tester cross-head speed set at one 
Inch per minute./ (''jr^jT'/fcA/ '„ ^ tu^^JC^ T^^.-Uc. /7aa/^, 

The knot strength is determined by the test method 
described In the U.S. Phannacopeia, Vol. XVII, page 92I, 
Young "a Modulus is determined on a Table Model 
INSTROrf Instrument using line contact Jav faces to minUnlze 
slippage. A 10.0 inch sample Is elongated at the rate of 
5.0 inches per minute (cross-head speed), the chart speed 
16 20.0 inches per minute. It has been noted that the 
pliability of a polypropylene suture may be correloted with • 
its behavior under stress. Physical testr. that may Ijc 
used to reliably evaluate the cubJectLvn nhar&c tcrir-.tlcc of 

"hand/ flexibility, and extenclblllty are de.-c rl bo'l in 
Example I, • 

The Curley stiffness is mensurcn with a motor- 
operated Curl-ey Stiffnes-^ TJcrr.cr (Model ''171) monu f.-.c t^:rGd 



1 6,926/70' 

by W. and L.E. Gurlcy of Troy, New York. Thta Instrument, 
Illustrated In Figure $, consists of a balanced pendulum 
or pointer 6o, which is center pivoted and which can be 
variously weighted below Its center with o removable weight 
61, The pointer moves parallel to e "alne" scale 62 grad- 
uated in both directions. In the test, ten, 2-inch poly- 
propylene monofilament stronds, a total of at least 20 
Inches, arc required per sample, The stronds used chould 
be relatively straight. , 

The ten, 2-lnch strands 63 are inserted in the 
Jig Illustrated In Figures 10 and 11. The Jig is construe- 
ted with 10 parallel holes drilled on 1/8- Inch centers. 
The polypropylene strands are Inserted so that at least 
1 Inch of each etr&nd protrudes beyond the bending bar 61*, 
and a locking- pin 65 la Inserted to clamp the monofilaments 
In .the Jig. 

A razor blade Is used to ehave closely the strand 
tips Which extend from the "bacX of the Jig, and all ten 
strands are cut 1 inch from the edge of the bending bar 6U 
on the opposite side of the clamp. 

The Jig Is placed on the motor-driven arm 68 of 
the Curley Instrument eo that the clamp-bendlng bar lies 
1/2 Inch above the edge 70 of the swinging pendulum. When 
the motor-driven arm 68 presses the monofilaments 63 against 
the edge 70 of the pendulum, the pointer Is deflected until 
the sample scrapes past the pendulum and may be read on 
the scale 62, The resistance of the pendulum and thus the 
nensltlvlty of the machine to materials of different stiff- 
ness can be adjusted In two ways: by changing the cllr.t.->ncc 
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from the fulcrum 67 of the weii? ^ v. ^ 

f 01 me weight 61 and by chor.^inK tho 

weight Itself. ■ 

T>^e m^chlne Is. operated for one or tvo cycles to 
adjust the weight-distance combination if nececsory This 
adjustment should be n^de so that the average reading kUI 
fall between 2.0 and 7.0 Curley unlta. (a cycle I3 defined 
^« « left plus a right aving of the pointer 60. A Gurloy 
unit 13 the unit reading narked on the sine scale:) After 
the necessary adjustments are ^de, the .chine U operated 
for ten cycles without recording the results. After each 
^air cycle, the oscillation of the pendulum 1. stopped 
before continuing. The readings of cycles 11 through I5 
are recorded and averaged. Ihe stiffness of the polypro- 
pylene mononiaaent sample «^y then be calculated by use 
of the following formula: • 
curley atlffneae (mg.) . 0.0002 RHD, where 

R ,7,, test reading in Curley units 
V - counterweight (gm.) 

" ?i!c'JS''(?;c£:^?*^"'^^'^^ 

The present invention will be further illustrated 

by the following examples which describe the manufacture 

of polypropylene sutures of different sires, all of which 

have a Young's Modulus below ^ X lo5 ^ ^ 1 ^nrt - 

A J.U p. 0.1. and an elonga* 

tlon at break of at least 35Jf. 

EXAMPLE- I 

All Vlscoelastic measurements reported In the 
tables are made on a Table Model INSTRON Tensile Tester 
using a Type C Tension Cell; full-scale r-v^ge 1 to 50 
pounds. The measurements are made in an alr-condUloned 
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laboratory at rS'F. and 50^ relative humidity. To hold the 
specimen sut\jre strand, two line contact Jawa are used. " 
The diometer of the atrand io measured to 0.0001 Inches 
and the area of the etrarid' la calculated. A 10 inch 
eample la placed between the Jaws and both Java cloaed, 
under 20 p.fl.l. air prcaaure- The area compennator on the 
INSTRON Tester la set for the correct diameter of the uuture 
(to give a read-out in p.a,!,) and the strand la elongated 
at a constant rate to 112,5^ of the original length (pre^ 
set on the INSTBON), The INSTRON machine is operated at a 
cross-head speed of 5 Inches per mlnutei and a chart speed 
of 20 Inches per minute. 

Stress-strain curves produced under these condi- 
tions have the general shape illustrated in Figure 12. 
Young's Modulus (p.s.l. X lo5) la the initial modulus as 
determined from the slope of the curve A of Figure 12. 
Young' a Modulus la the ratio of applied stress to strain In 
the elastic region and me a sure e the elastic conponent of a 
Buture'a resistance to atreaa. This value la related to the 
flexibility of a suture. 

Plastic flow (p.s.l, X 105) is the viscoelastlc 
modulus as determined from the elope of the curve B of 
Figure 12, It measures the plastic component of a suture's 
resistance to stress and la related to the "give" a suture 
exhibits under a force in excess of the yield stVeae. 

The yield streao (p.s.l. X 10^') is the flrot point 
of Inflection in the stress-strain curve or the point of 
intersection C of the slopes A and D of Kl(juro 12. Yield 
Stresn measures the force required to Initiate viocooloctic 
flow and is related to the straightenabllity of y :;uturo. 
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Typical paatilny^ Jat^^as^ SJte.^ineU f ro™.u,o 
^trcsc-strain curves of the polypropylene sutures of the 
Prc.ont invention is sun^rlzed in Table I. T^.e d.te la 
Obtained after aging the «a«ple for one rr.onth. 

TABLE I 
Pliabilit y VAlii»a 



Size 
2 
1 
0 



young's Hodulufl 
3.23 X lo5 
3.13 X io5 
3.5^ X io5 



i».05 X 105 



3/0 



^.^7 X io5 
^.13 X lo5 
3.U2 X 105 

7/0 u,U9 X lo5 

EXAMPLE ' 11 

r 

A size 7/0 polypropylene euture, dleimeter 2.6 mile 
1« prepared by the general procedure described above. The 
die orifice measurea 20 mila. m diameter, and the flow rate 
of the polypropylene through the die orifice is 0.o6 pounds 
per hour, ihe temperatxire of the feed zone la maintained 
at 430'F., and the temperature of the die and extruder 
barrel Is maintained at H50'F. The ratio of the rate of 
taKeup of the godet 33 to the linear rate of extrucion (draw 
ratio) l3 5.9. The water bath is maintained at 75-8'»»f. 

T^e heating chamber la ceven feet in length and 
Ifi maintained at 285'F., aa n^asured with a pyrometer. The 
polypropylene monofilament enters the cha;nber at the linear 
rate of 50 feet per nvlnute and la taken up on thc .godct 38 
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16.92 6/70 

JO feet p« 



It tho linear rate of 330 feet per minute (strcLchod 
6.6 times its original length). The polypropylene morio- 
rUament after hot stretching is collected on the toke-up 
spool k2 and tronsfcrriod to the creel A3 Illustrated In 
Figures 4-8. The tension strips are applied to either end 
cf the creel and the distance between the crossbars 53 and 
57 is adjusted by the stay bolts 58, 59, 58' and 59« to 
permit the desired amount of shrinkage. The creel Is then 
heated In an oven at 285'F. and rotated at 10 r.p.m. for 
Id minutes; during which tine the monofilament r,hrln»co to 
5-1/2 times its original length (from 50-1/2 to k2 Inches 
or 63.5%)' 

In a control experiment, polypropylene from the 
eome extrusion batch (stretched 6.6 times ita original length) 
is removed from the taXe-up Bpool ^2, placed on the creel, 
and heated in an oven at 300 "F. for 10 iivlnutea with no 
relaxation. Ihelength of the monof llanient ia 52-1/2 
Inches prior to and after the ten minute heat treatment * 
at 300*F. The following table showfi the dlfferencee In 
the physical properties of polypropylene monofilament that 
hea been (1) hot stretched 6.6 X while maintaining the 
teinperature at 285*F.; (2) hot ctretched 6.6 X its original 
length while maintaining the temperature at 265 'P. and then 
annealing for ten nvlnuteB at 300*F. without relaxation; and 
(3) hot stretched 6.6 X Its original length while maintain- 
ing the temperature at 285*F. and then annealing for ton 
minutes at 300*F. while relaxing to 5^5 X its original 
length {83. 5?^ of its hot stretched length). The dotn is 
obtained after aging the sajnples for one month. 
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TABLE II 



(1) Polypropylene 
stretched 
6.6:1 



(2) Polypropylene OlPolvDrnnvi 
Stretched 6.6:1 StrS!K^^H"« 
and Annealed at fnJ ^ f ^•^'■^ 
300 'P. for ftJ'^rJ*'^*^*^'* 
10 minuter g-g^^''^ Stretched 



Lot Ntunber 
Diameter, rnlla 
Denier 
Tensile Strength 
Grams/Denier 
P. 5. I. X lo"^ 
Knot Strength 
Crama/benler 
P.S.I. X 10'^ 
Breek Elongation 
Curley Stlffnoaa 



115325 
2.ll 

• 2k 

9.8 
11.26 

7.7 

a, 83 

1 «ng. 



Young's Modulua pal g.50 x 10^' 



115325 
2.3 

22 . 

12.15 

8.8 
9.28 
37ji: 
1 mg. 
8.03 X 10- 



115325 
2.6 
28 

8.9 

10.16. 

7.9 
9.03 

1 mg. 

^.'igx io5 



EXAMPLE TTT 

^ 5/0 polypropylene suture, dlaineter H 

la prepared by the general procedure deacrlbed aWe. The ' 
die orifice .eaaurea. 20 .11. ^^^^ ^^^^ 

of the polypropylene through the die orifice Is O.09 
pounda per- hour, ^e temperature of the feed zone is main- 
tained at .30-F., and th. temperature of the ..e "and ox 
truder barrel is maintained at ^SO'F. The ratio of the rate 
Of tcKeup Of the godet 33 to the linear rate of extrusion 
rdrav ratio) Is 2.32. The water bath Is maintained at 75- 
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The heating chamber is seven feet In lerifTth nnd 
Is malntftlned at 285*"?, as meaBurcd with a pyrometer, Tho 
polypropylene monofilament enters the chamber at the linear 
reto of 30 feet per minute and Ic taken up on the codet 36 
at the linear rate of I98 feet per minute (otrctched 6^6 
times Its original length). The polypropylene monofilament 
after hot stretching is collected on the take-up epool ^2 
and transferred to the creel ii3 Illustrated in Fleurea 4.8, 
The tension strips are applied to either end of the creel 
and the distance between the crossbars 53 and 57 is adjusted 
by the stay bolts 58, 59, 58' and 59V'to permit the desired 
amount of shrinkage. The creel is then heated in an oven 
at 285'P. and rotated a.t 10 r.p.m- for 10 minutes; during 
which time the monofilament shrinks to 5-1/^ times Its 
original length (from 50-1/2 to k2 Inches or 83^5 percent). 

In a control experiment, polypropylene from the . 
same extrusion batch (stretched 6.6 times its original 
length) is removed from the take-up spool h2, placed on the 
creel, and heated In an oven at 300T, for 10 miautea with 
no relaxation. The length of the monofilament Is 52-1/2 
Inches prior to and after the lO-mlnute heat treatment at 
300*F. physical properties of the product so obtained 

are summarized In the follovring table- The data Is ob- 
. talned after aging the samples for one month. 
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TABLE III 



(1) Polypropylene f 2) Polypropylene r-^^P^i 

Stretched Stretcher 6.6:1 ^^^Tr^ES^rr , 

and Annealed at nnJ f'^'^ 
300-F. for r%''*^,'* 



-3.6:1 



Lot Wumber 

Diameter, mlla 
Denier 
Tensile Strength" 
Grama/benler 
P.S.I. X lo'^ 
Knot Strength 
Groms/Denler 
P. 5,1. X lo"^ 
Break Elongation 
Curley Stiffhess 



107925 
4.9 
98 

6.5 

5.8 
6.62 

27 J( 
mg. 



Young's Modulus psi 7.15 x lo^' 



107925 
5-0 
102 

6.7 
7.63 

5A 
6.21 
30% ■ 
3.^ mg. 
6.A9 X lo5 



107925 
5.2 

no 

5- 7 

6- 59 

6.21 
38«<- 
. 3.^1 mg. 
3:^2 X lo5 



EXAMPLE rv 

A size VO polypropylene suture, diameter 6.9 „Ufl, 
is prepored by the general procedure described above, ihe 
die orifice «eaaurea 3^ Mia 1.. diameter/ and the flow rate " 
of the polypropylene through the die orifice Is 0.2h pounds 
per hour. Ttre tenperature of the feed zone la maintained 
at ^30°?., and the teoperaturo of the die and extruder 
barrel U maintained at ll30'F. Th^ ratio of the rate of 
takcup of the godet 33 to the linear rate of extru.nbn 
(draw ratio) is 3.62. The water bath i., maintained ot 

onflonth!^' ''''' "-pie. for 
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The heating chamber la seven feet in len^jth and Is 
maintained at 295' F- aa measured with a pyrometer. The 
polypropylene monorilament enters the chamber at the linear 
rate of ^0 feet per minute and 16 taken up on the /jodet 38 
at the linear rate of 264 feet per minute (stretched 6.6 
timcB Its original length). The polypropylene monofilement 
after hot stretching la collected dn the take-up spool k2 
and transferred to the creel A3 illustrated in Pifrures iu8. 
The tension strips are applied to cither end of thn creel, 
and the distance between the crossbars 53 and S7 is adjus- 
ted by the stay bolts 58, 59, 58' and 59' to permit the 
desired amount of shrinkage. The creel is then heated in 
an oven at 300'F, and rotated at 10 r-p.m. for 10 minutes; 
during which time the monof lleiinent shrinks to 5-1/2 times 
Its. original length (from 50-1/2 to ^2 Inches or 83,556). 

In a control experiment^ polypropylene from the 
came extrusion batch (stretched 6.6 times its original 
length) Is removed from the take-up spool ^2, placed on 
the creel, and heated In an oven at 300*F. and rotated at 
10 r. p.m. for 10 minutes with no relaxation. The length of 
the monofilament is 52-1/2 inches prior to and after the 
10-mlnute heat treatment at 300*F, Ihe difference In the 
physical properties of polypropylene monof ilainent that has 
been drawn, annealed without relaxation and heat relaxed 
to 83.5 percent of Its original length is summarized in the 
following table. The data is obtained after aging the 
sample for one month. 
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(1) Polypropylene 
Stretched 
6.6:1 



Lot Kuinber I07930 
Diameter, nils 5,5 
Denier 
Tensile Strength 
Crams/Denier 
P.S.l. X io"3 
Knot Strength 
Crans/Donler 
P.S.I. X io"3 

Break' Elongation 
Curley Stiffness 



and Annealed at fiJ%^f^'* ^'^'-^ 

300 "F, for «?^c2®^°*«* to 

iOiZ»?t0B ?r:??u°'" Sti-etched 
. i^ngtn 



194 

5.7 
7.75 



5.08 

15.5 DVg. 



Young '8 Modulus pal 8.90 X lo^ 



107930 
6.8 
189 

6.7 
7,70 

'*.7 
5-37 

26% 
11.4 mg. 

7.26 X lo5 



107930 
7.4 
223 

5.9 
6.7U 

5.10 
3656 
12.4 mg. 

1.13 X io5 



EXAMPLE- V 



* nzc 3/0 poljTpropylene sut„e, diameter 8.6 
1. prepare. ... ,.„„^ ^^^^^^^^^ 

«e crlrice 3« in ai^eter, .„a the n«, „t, 

"30 r., the ten^rature cf th, oi. 
t."el 1= ™,„talned at .30-p. r,. r.tlc of the r„t. or 
t«eup or the «c..t 33 to the linear rate or o.t„=io„ 
Uraw ratio) la ^e water hath la „alntalncO at 
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ber 13 3ev6n r 



The heating chawber 13 3ev6n foci In longtli end 
is molnLainccl Qt 266"F« aa meoaured with a pyrometer, "D^e 
polypropylene monof llajneat enters the chamber at tho 
linear rate of 25 feet per minute and io taken up on the 
godct 38 at the linear rate of I65 feet per minute (otretched 
6.6 tlmeo ita original length). ' The polypropylene mono* 
filament after hot stretching I3 collected on the take-up 
spool ^2 and transferred to the creel U3 tllustrated in 
Figures 4-8. The tension strips are applied to either end 
of the creel and the distance (between the crosi;barE 53 and 
57 is adjusted by the stay bolts 58, 59. 58' and 59' to 
permit the desired amount of shrinkage. The creel is then 
heated in an oven at 300'F, and rotated at 10 r,p.m. 
for 10 minutes; during which time the monof ilaroent shrinks 
to 5-1/2 times its original length (from 50-1/2 to 1*2 
inches or 83-5 percent) . 

In a control experiment, polypropylene from the* 
eame extrusion batch (stretched 6.6 times its original 
length) is removed from tho tako-\ip spool ^2, placed on 
the creel, and heated in an oven at 300*F. and rotated at 
10 r.p.m. for 10 minutes with no relaxation. The length of 
the monofilament Is 52-1/2 inches prior to and after the 
10-minute heat treatment at SOO^F- The difference in the 
physical properties of polypropylene monof ilsoient that has 
been drawn, annealed without relaxation and heat relaxed to 
83«5 percent of its original length Is summarlzod in tho 
following table. The data is obtained after aging the 
samples for one month. 
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TABLE v l f). 926/70 



(l)rolypropylc'nc 
jtrctched 
6.6:1 



Lot ffumber 1079^16 
Diameter, mils B.6 
DenleT 
Tensile Strength 
Graius/Denier 
P.S.I. X 10-3 
Knot Strength 
Grams/lDenler 
P.S.I. X 10~3 4.54 
Break Elongation 25% 
C\irley Stiffness 29,0 mg. 



(2)rolypropyiene (3)Polvnronvi 
Stretched 6.6:3 J;?;?? ^k'*^^ H-"*^^ 
and Annealed nt nnd i^^"^ 

of stretctei 



302 

5.9 
6,71 



for 

10 Mlnutca 
1079'*6 
288 



6.3 
7.21 



Young's Modulus pal 8.21X10^' 



5.08 

25.0ing. 
6,8^^x io5 



1079/16 
9.1 
33fl 

5.4 
6.14 

i»,98 
Al> 
22.0 mg. 
U.'I7X X05 



EXAMPLE VI 

A size . 2/0 polypropylene suture, dlaineter 11. l mile., 
is prepared by. the general procedure deEcribed above. The ' 
die orifice meaaurea' 5^ ^nlls m diameter, and the flov rate 
of the polypropylene through the die orifice U O.60 poundo 
per hour. i7,e temperature of the feed zone Ic maintained at 
*30-F., and the temperature of the die and extruder barrel 
IS maintained at 430T. n^e ratio of the rate of takcup 
Of the godet 33 tc the linear rate of extrusion (dr..v .atio) 
is 3.33. The water bath is maintained at 75-8^?. 
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I:: maintained at 230''I'\ as mcanurcd wiUi a pyi-omcLu('\ 
The polypropylene monofilament enters the chamber ut the 
linear rate of 38 feet per minute and Ig taken up on the 
godet 38 at the linear rate of 250 feet per minute 
(fltretched 6,6 times its original length). The polypropy- 
lene monofilament after hot stretching 16 collected on the 
taKe-up spool k2 and transferred to the creel UluBtrated 
in Figures 4-8, The tension strips are applied to either end 
of the creel and the distance between the crossbars 53 and 
57 is adjusted by the stay bolts 58, 59, 58' and 55' to 
permit the desired amount of shrinkage. TTie creel is then 
heated in an oven at 300*F. and rotated at 10 r,p,m- for 
10 minutes; during vhich time the monofilament shrlnte to 
5-1/2 times its original length (from 50-1/2 to U2 inches 
or 83.5 percent) . 

In a control 'experiment J polypropylene from the 
same extrusion batch (stretched 6,6 times its original 
length) is removed from the take-vp spool U2, placed on the 
creel, and heated in an oven at BOOT, and rotated at 10 - 
r.p.m. for 10 minutes with no relaxation. The length of the 
monofilament is 52-1/2 Inches prior to and after the 10- 
minute heat treatment at 300*"?- The difference in the 
physical properties of polypropylene monofilament that has 
been drawn arjiealed without relaxation and heat relaxed to 
83-5 percent of its original length Is 3\unmarlzQd In the 
following table. The data in obtained Hflcr a/ring the 
camples for one month. 
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E n 



(l)Polypropy>ne 
Strcchcd 
6,6:1. 



(2)Polypropylene (3)Folypropylene 
Stretched 6.6:1 Stretched 6.6:1 



and Annealed at 
300 'F, for 
10 Mlnutec 



and Wfilaxed to 
83 .St* of Slretchjd 
Leni'.th 



Lot Number 

Dlameterj nils 
Denier 

Tensile Strength 
Crams/Denier 
P.S.I. X io"3 

Knot Strength 
Grana/^enier 
P.S.I. X 10"^ 

Break Elongation 
Curley Stiff nesa 



115358 
11.1 
503 

6.19 
3.9 

68.0 mg. 



Young's Modulua pal 6.^8 X 105 



115358 
11.3 
521 

5.7 
6. US 

3.9 

3ti % 
I ^ 55-0 mg. 
(' 6.95 X lo5 



115350 
12.4 
627 

5.i<6 

3.5 
^.05 

38^ ■ 
61.0 mg. 

4.05 X 10- 



EXAMPLE VII 

A size 0 polypropylene suture, dlajneter 13.8 alls., 
is prepared by the general procedure described above. The 
die orifice measures 5H mils in diameter, and the flow rate 
of the polypropylene through the die orifice is O.59 pounds 
per hour. The temperature of the feed rone Is maintained 
at 430"F., and the temperature 0." the die and extruder 
barrel Is maintained at 430°F. The r.itio of the rate of 
takcup of the godet 33 to the linear rate of e;<trur.lon 
(drow ratio) is 2,22. The vater bath Ir. maint-il.noU ot 
75-8U'F. 
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The heating chamoer fs ocveX feet In length arid 
Is maintained at as measured with a pyrometer. The 

jjolypropylene monorilojnent enters the chamber at the linear 
rate of 25 feet per minute and Ic taken up on the f/odet 38 
at the linear rate of 165 feet per minute (strotchnd 6.6 
times Itr, original length). The polypropylene monofilament 
after hot stretching is collected on the take-up cpool ^2 
end transferred to the creel ^3 Illustrated In Flguree '*-8. 
The tension stripe are applied to either end or the .creel and 
the di stance between the cro'ssbars 53 and 57 Is adjusted by 
the stay bolts 58, 59, 58' and 59' to permit the deeixed 
ajnount of shrinkage. The creel Is then heated In an oven . 
at 3pO"P. and rotated at 10 r.p.m. for 10 mlnute.sj during 
Which time the 'monofilament flhrln)e to 5-1/2 times its 
original length (from 50-1/2 to U2 Inches or 83.5^). 

In a control experiment, polypropylene from the 
same extrusion batch (stretched 6.6 tiaes its original length) 
is removed from the take-up spool 42, placed on the cr^ol, 
and heuted in an oven at 300'F, and rotated at 10 r.p.m. 
for 10 minutes with no relaxation. The length of the 
monofilament is 52-1/2 inches prior to and after the 10- 
minute heat treatment at 3O0'F, The difference in the 
physical properties of polypropylene monofilament that 
has been dra^n arjnealed without relaxation and heat relaxed 
to 83. 5. percent of its original length is summarized in t.hc 
followinfs tnble. The data lo obtained after aginr; the 
samplepi for one month. 
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TABLE VI 1 



(1) Polypropylene 
Stretched 
6.6:1 



( 2 ) Polypropylene (3 ) Polypropylene 
Stretched 6.6:1 Stretched 6.6:1 
ond Annealed at and Relaxed to 



300* F. for 

10 Minutes 



Q3.bSS Of Stretched 

Length ■ 



Lot Ihimber 1079^*7. 

Diameter^ mils 13. 8 

Denier 773 

Tensile Strength 

Oraais/Denler 5 .1 

P.S.I. ^ 10'^ 5.88 

Knot Strength 

Grama/Denier 
-3 



3.8 
27 5^ 



P.S.I. X 10 
Break Elongation 
Gurley Stlffneso 159-0 og* c ' 
Young 'a Modulus pal 6 . 33 x 10^ 

EXAHPLE VIII 



107947 
114.0 
798 

5.3 

6,04. 

3:9 
4,1*1 
3S% 
134.0 rag. 
5.73 X 105 



IO79U7 
14.G 
89U 

4.7 
5. 40 

3.4 

3.95 • 
53 % 
124. Omg. 
3.54x lo5 



A filEe 1 polypropylene suture, diameter 16.1 mils., 
jLfl prepared ty the general procedure described above. The 
die orifice measures 54 mils in diameter, and the flow rate 
of the polypropylene through the die orifice is O.8O pounds 
per hour. The temperature of the feed zone is maintained 
at 430*F., and the temperature of the die and extruder 
barrel is maintained at 430 "F. The ratio of the rate of 
tekeup of the godet 33 to the linear rate of oxtj-unlon. 
(draw ratio) Is l,6l. The water bath J:: malnl.Julnnd ot 

75-e4*p. . . 
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The heating cha;nl)er^'i??e^/r?f eet in length and 
Is molntalned at ?b5°F. ar, meanured vith a pyrometer. The 
polypropylene monorilofflent enters the chamber at the linear 
rate of 23 feet per minute end Is taken up on the godet 38 
at the linear rate of 152 feet per minute (etretched 6.6 
times Its ori5lnal length) . The polypropylene monofilament 
after hot stretching Is collected on the take-up spool li2 
and trancferred to the creel i»3 llluatrated In Flfjurea k~S. 
The tension strips are applied to either end of the creel and 
the distance between the crossbars 53 and 57 Is adjusted by 
the stay bolts 58, 59, 58' and 59* to penait the desired 
amount of shrinkage. The creel Is then heated In an oven 
at 3O0'F, and rotated at 10 r.p.m. for 10 minutes; during 
which time the monofilament shrinks to 5-1/2 times- Ita 
original length (from 50-1/2 to k2 Inches or 83.5 percent). 

In a control experiment^ polypropylene from the 
same extrusion batch (stretched 6,6 times its original 
length) Is removed from the take-up spool kz, placed on the 
creel, and heated in an oven at 300T. and rotated at 
10 r.p.m, for 10 tninutee with no relaxation. The length of 
the monofilament la 52-1/2 Inches prior to and after the 
lO-minute heat treatment at 300'F, The difference in the 
phyaical properties of polypropylene monofilament that has 
been drawn annealed without relaxation and heat relaxed to 
83.5 percent of Its original length Is summarized In the 
following table. The data is obtalncdaf ter aging the 
samples for one month. 
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TADLE VTItI 6, 92 6 /70 



''=ai?l. . 

and Anneal Prf -I^^^^t'e'l 6.6:1 



Lot fhunber 

Diameter, ndaa 

Denier 

Tensile Strength 

Grams/Denier 
-3 

P.S.I. X 10 
Knot Strength 
Crams/Denier 
P..S.I. X 10-3 

Break Elongation 
Gurley Stlffhess 



1079^42 

16.1 

1,056 

5.2 
5.99 

3.8 
4.37 
31^ . 
262.0 m«. 



and Annealed at 
300'F. for 
lOMinutes 



1079^2 
ISA 

1,097 

5.2 

5.86 

3.7 
'J.21 

I' 2^0.0 mg. 



and Relaxed* ti 
|3^|^trotched 



1079112 
16.1 

1,339 

5.01 

3.h 
3.88 

232.0 mg. . 
3.13 X105 



Young's Modulus pel 6.25 X 10^ 5.72 x 10^ 

EXAMPLE IX 

A size 2 polypropylene suture, diameter 19 k mil 
1? prepared by the general procedure described above, i^e 
die orifice measures &^ mils In diameter, and the flov, " 
rate of the polypropylene through the die orifice is 1,1 
pounds per hour. n>e te„,pcrature of the feed zone is ' 
maintained at /^BO'P., and the temperature of the die and 
extruder barrel Is maintained at k^O'^T, The ratio of the 
rate of talceup of the godet 33 to the linear rate of ' 
extrusion (draw ratio) is I.70. The water bath l. main- 
tolned at 75-8^ 'p. 
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•nio heating choinieJ' ?D scv^ feet in leneth 
and In »«.intalne<l ,t 230'y. as mecsured vUh a pyron,cter. 
•Ihe polypopyicne monof lla;nont enters the chanter at the 
linear rate of 26 feet pej minute and ic taken up on the 
godet 38 at the linear rate of l68 feet per minute (stretched 
6.6 times Us original icr.Rth). ,t>,c polypropylene mono- 
filament after hot atretchlne i.n collected on the tuke-up 
spool 1*2 and transferred to Lho creel i<3 illustrated In 
Figures ^*-8. The tension strips are applied to either end 
of the creel and the distance between the crossbars 53 and 
57 is adjusted by the stay bolt's 58, 59. 58' and 59' to 
permit the desired amount of shrinkage. The creel le 
heated in an oven at 300*F. end rotated at 10 r.p.m. for 
10 minutes; during which time the monofilament shrinks to 
5-1/2 times its original length (from 50-1/2 to h2 
Inches or 83.5 percent). 

In a control experiment, polypropylene from the 
same extrusion batch (stretched 6.6 times its original 
length) is removed from the take-up epool k2, placed on 
the creel, and heated in on oven at 300'F. and rotated at 
10 r.p.m. for 10 minutes with no relaxation. The length of 
the monofilejnent Is 52-1/2 inches prior to and after the 
10-minute heat treatment at 300'F. The difference in the ' 
physical properties of polypropylene monofilament that has 
been drawn, annealed without relaxation and heat relaxed 
to 83.5 percent of Its original length Is summarized In the 
following table. The data Is obtained after aglne the 
samples for one month. 
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4 4X561 



jy26/7o 



(l)Polypropylcne 
■ot.-.-tched 
u.6:l 



115351 
19. 
1,536 

A. 2 

3.0 
3.1*5 



(2) Polypropylene 
Stretched 6.C:1 
and Annealed at 
300 °F, for 
10 HlnutQs 



Lot Munber 

Diameter, mils 
Denier 
Tensile Strength 
Crams/Denier 
P.S.I. X 10"-^ 
Knot Strength 
Crams/Denier 

P-s.i. X 10"^ • 

Break Elongation 1''-' 1 ' 
Gurley Stiffness 370.7 mg. ' 
Young 'a Modulus psi 5.U7 x io5 



115351 

19. 
1.536 

U.6 
S.2k 

3.3 
• 3.79 

392.0 mg. 
'^•97 X lo5 



(3)rolyp,-opyienc 
•itretchod 6.6:1 
^nd Relaxed to 



115351 
20,5 
1,714 

3.9 

3.3 
3.81 
62<< 
328.0 „g. 
3.22 xio5 
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EX^f^m: x lC. 92 6/70 

A size 3/0 polypropylene suture, diameter g,lli 
mils., 1.*^ prepared by the f:cncral procedure described In 
Example V. Instead of ntretchinp: the polypropylene mono- 
filament 6.6 times, however, it is stretched G.O times Its 
original length In a heating; ch/imber malntolned at 26o**P. 

The polypropylene monofilament after hot stretch- 
ing l8 collected on the take-up spool ^2 and transferred 
to the creel ^^3 Illustrated In Figures ^-9, The tencion 
strips are applied to either end of the creel and the 
Ulst&nce between the cros/^bars vi3 And 57 is adjur.ttd by the 

stay bolts 58, 59, 58' and 59 ' «-o permit the desirtd amount 

t 

of shrinkage. The creel Is then heated in an oven 
at 300*F, and rotated at 10 r.p.m. for 10 minutesj during 
which time the monofilament shrinks to 5-1/2 times Its 
original length, (91-65t) . 

In a control experiment, polypropylene from the 
same extrusion batch (stretched 6.0 times its original 
length) is removed from the taJte-up spool 42, placed on the 
creel and heated in an oven at 300**?. and rotated nt 10 r.p 
for 10 minutes with no relaxation. The length of tho 
monofilament Is 52-1/2 inches prior to and after the 
10-minute heat treatment at 300°?. 

The difference in the physical propertiec of 
polypropylene monofilament that has been drawn, nnnealed 
without relaxation and heat relaxed to 9I.6 percent of Its 
stretched length is summarized in the follovlny toble, 'fhe 
data is obtained after aging the camplec for one month. 
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TAnu: 



Polypropylene 
Stretched 
6.0:1 
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Lot Number 
Diameter, nais. 
Denier 
Tensile Strength 
Crams/Denier 
P.S.I. X io"3 
Knot Strength 
Crains/Denier 
P.S.I, X io"3 
Break Elongation 
Curley Stlffneaa 
Young's Modxilus psi 



1276^1 2- Al 
'9.1'* 

5 Jill 
3.5: 

31.3 mg. 

8.95 X 10^ 

, ,1 > 



f^olypropylcnc 
Stretched 
6.0:1 and 
Annealed nt 
300'P, for 
10 mlnutL'3 

I276iJ2-A2 

9.15 

3U2 



5.3 
6.06 

a. 66 
36^ 
26.5 ng. 
7.76 X 105 



•'olypropyione 
Stretched 
0.0;I and 
Relaxed to 
91.6* of 
otretched T^n^.!.^ 

I276'i8-A3 

9.61 

376 



5.^»7 
>i.Q 

^.53 . 

28.0. mg. 
6.27 X io5 



EXAMPLE XI 

A size 3/0 polypropylene suture, diameter 8.84 
«113./ is prepared by the general procedure descrlt>ed above 
in Exa.p1, V. instead or stretcMng the polypropylene .ono- 
filament 6.6:1, however, it I3 stretched eeven times Ito 
original length in a heating chamber maintained at 26o'r 
The polypropylene monofilament after hot stretching is trana- 
ferred to.the creel ^3 illustrated in rig,. k.B and 
pemltted to shrink to 5.5 tlnee its stretched length by ' 
heating for 10 minutes at 300"F. 

In a control exrorl«,ent. polypropylene from the 
c«me extrusion batch (stretched 7.0 times its original 
length) is renoved fro. the tako-up cpcol placed on the 
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:nt€(l In an ovon^ ^^^a 



creel and hc,._ ... and rotated at 

10 r.p.m. for 10 minutes with no relaxation. The length 
of the monofilament 1., 5?-l/2 Inchca prior to ^nd after 
the 10-mlnute heat tre/^tment at SOOT. 

The difference in the physical properties of • 
polypropylene monofilajncnt thot has been drawn, annealed 
Without relaxation, and heat relaxed to 78 . 55^ of its 
stretched length Ie surunnrizcd in the following table. 
The data is obtained after aging the samples for one „onth. 

TABLE XI 



Polypropylene 
Stretched 7.0:1 



Polypropylene 
Stretched 7.0:1 
and Annealed at 



Polypropylene 
Stretched 7.0:1 
and Relaxed to 



Lot Nxunber . 

Dlaneter, mils. 

Denier 
Tensile Stj-ength 

Grams/Denier 

P.S.I. X 10' 
Knot Strength 



^-3 



127642- CI 
8.5^ 
296 

6.0 
6.82 



300-F. for 10 mln. 78.6$ of 
■■ St;retched Leng th 



1276ii2-C2 
.8.45 
291 

5.3 
6.08 



127642-C3 
9.60 
376 

U.7 



GraoiB/Denier 
,-3 



P.S.I. X 10 
Break Elongation 
Cvrley Stiffness 
YoTing'a Modulus pgi 



3.9 
U.Ul 

22.7 mg, 



11.23 X lo5 



3.8 
^.33 

21.2 mg. 
6.16 X lo5 



iJ.i 

^i.70 

23?; 

22.5 m«. 

9.35 X 10^ 
EXAMPLE XII 

A size 0 polypropylene suture, dlojnetcr I3.9 mils.. 
Is prepared by the general procedure described abovr; in 
Example VII. The die orifice measures 5^ mils, in diameter, 
and the flov^ rate of the polypropylene through the die oririce 



37 



441,5 61 



16 926 /TO 

la 0.59 pound, per hour, The'tcn^.r.ture of the feed „n. la 
namtalnod ac and the te^eraturo of the die and extruder 

tarrel 1. n^mtalned at ^30°F. The ratio of the rate cf ta)ce.up 
Of the godet 33 to the linear race of extrualon (draw ratio) la 
2.22. The water bath la maintained at 75°-^°?, 

The heating chamber l8 «ven feet In length and la 
maintained at 2«oop. „ ,,,, ^ pyrometer. The poly- 

px^pylenc »cncfiia«ent enter, the chancer at the im.ar rate of 
25 feet per minute and la taVen up on the godet 38 at the linear 
rate of I65 feet per minute (stretched 6.6 time, ita original 
length). The polypropylene monofilament after hot etretchlng le 
collected on the take-up spool «I2 and tra.,af erred to the creei 
*3 llluatrated in Figures ^-8. The tension 'stripe are applle<i to 
either end of the creel and the diata^cc between the croaabapfl 
53 and 57 la adjusted by the stay bolta 58. 59. 58- and 59. to 
permit the dee Ired amount of anrlnkage. The creel ie then heated 
in a>i oven at 300°P. and rotated at 10 r.p.m, for 10 alnutea, 
during which time the monofllrment shrinks to 6.0 tinea ita 
stretched length. 

In a control experiment, polypropylene from the aaine 
extrusion batch (stretched 6.6 times Ite original length) le 
removed from the taXe-up spool U2 , placed on the creel, and 
heated in an oven at 300°?. and rotated at 10 r.p.m. for 10 
mlnutea with no relaxation. The length of the monofileunant la 
52-1/2 inches prior to and after the 10-Mnute heat treataent at 
300*^7. one difference in the physical properties of polypropylene 
monofilament that has been dra^^n, annealed without relaxation and 
heat relaxed to 91 percent of jtr stretched length la euamarlxed 
m the following table. The data .obtained after aging the eample 
for one week Is as follows. 
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tajilf: X 



,|6.926 



/TO 



Polypropylene 
Stretched 6.6:3 



Lot Nuinbor li08O5IJ 

Diomcter, nllo. 13. 9 

Denier 788 

Tensile Strength 



Orams/Denlor 
P.S.I. X 10"^ 
Knot Strength 
Crams/Denlef 

P.S.I. X 10'^ 

Break Elongation 
Gurley Stlffneas 
Young's Modulus psl 



5.1 
5.86 

3.8 

.275^ 

1^8.0 mg. 

6.72 X 10^. 
EXAMPLE Xill 



Polypropylene 
Stretched 6.6:1 
nnti Annealed A.t 
300" F. for 10 mln. 



1P.76J|?-C2 
291 . 

5.3 
6.08 

U.l 

4.70 

23< 

25.0 mg. • 
9-78 X 10^ 



Polypropylene 
.'JLrctched 6.6:1 
and Rela/.od to 
•jU. of 
r.t retched LeaF,th 

1108^i2B 

1U.I< 

822 



3.8 . 

128.0 mg. 
5.23 X lo5 



A size 0 polypropylene suture, diameter 13. 9 mils., 
la prepared by the general procedure descrltied in Elxaniple XII, 
except that after the polypropylene monofilament is hot 
stretched to 6.6 times its original length. It is reloxed to 
5.0 times its original length. The difference In the 
physical properties of polypropylene monofilament that haa 
been dravm, annealed without relaxation and heat relaxed to 
76 percent of the stretched length is summarized in the 
follOKlng table. The data Is, obtained after aginfj the 
cample for one week. 
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tADU XII 



;L 6. 926/70 



Polypropylene 
Stretch'eiJ 6.6:1 



Polypropylene 
Stretched 6.6:1 
and Annealed at 




icDlanictor, mils. 

cDenier. • 

yf :■ . 

pensile Strength 
tOraime/Denier 

i'p'i.s/i.ix 10-3 



110805D 

13-9 
788 

5.1 
5. 06 



I'ol yp ropy l^-?v"=f : 
r.t retched ^S.S: i' 

SOOT, for 10 mln. ,91'/. '<;f^i^^^Pvr-.." 

' Stretched ^lieng'th '-i'.i 



^mottStrength 
|ii»riamc/Denier 

iBreaklElongation 
^rieyiVstlffnesa 
BfpSnjg.'.fl... Modulus psl 



3.8 
^.35 

148.0 mg. 
6.72 X 10' 




9.78 X 1q5^ 



While both monofilament and braided jnultirilamentl 



^BUturcs are conancnly used in the operating roorn, :the 
|filament structure is preferred by many 6urgeons\^WPoS!im^ 
tpylene monofilament i;utures prepared as described' abovS 
^sy^to uce and tic because of their flexibility, 
Igolypropylene sutures may be attached to surgical;: noedl^ 
^fltcrllited with ethylene oxide and packaged Iri^terl 
tcontainerfl for use in the operating room. 
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THE CLAIKS I>EFINI1/G THE INVEKTIOIIS ARE AS FOLLOWS 

1. An laotactlc polyprnpylcne cononiamcnt sterile 
BUture, Bftid Isotactic polypropylene haying the 
following characteriatica: 
ffeicht Average MoleculRr Weight - 294,000 to 316,000" 
Nuflbor Avcroe* Molftcular *clght - 70,400 to 82,100 

Tenalic Strength .3.9 to 8.9 ^rama/ 

denier 

Xnot Strongth - 3.3 to 7,9 grW 

denier 

BreaJc Zlongation _ ^si to 62jC 

Toung'a Updulus ' . -3.13 x lO^ p.e.i'. to 

5i23 X 10^ p.a.i. 

2. An lootactic polypropylene iconoril^ancnt 
flterile suture ae claimed In claim 1, the euture 
having a diajDetor in the range of from 0.002 Inches 
to 0.020 Inchea. 

3. A needled surgical euture coisprielng an 
iBOtactic polypropylene outurc attached to a aarglcal "• 
needle, aald needle cud oaid cuturc being eterile, aald 
ieotactlc polypropylene bavinc the Xollowlng character- 
letlce: 

Weight Average Molecular 'f'cLght - 294,000 to 316,000 

Huaber Average Molecular weight - 78,400 to 82,100 

Tenelle Strength -'3.9 to 8.9 grama/ 

denior 

Knot Strength - 3-3 to 7.9 graaa/ 

denier 

Break Blongotion - 36?J to 62jC 

Young's Modulus - 3,15 x 10^ p.a.i. to 

5.23 X 10-' p.B.l. 

4, A needled surgical suture aa cloimed in claim 3, 

the outuro having a dir.rcetcr in the range of free 0.002 

InchcB to 0.020 lnchf?£. 
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Ki 92 6/70" • 

5, A surgical fluturo package cooprlDlng a eXorlle 

enclosure and therein a otcrlJ^ ntcdlcd surgical 

Duture coDiprlolng an iabtoctic polypropylene suture 

attached to the surgical needle, oaid Lnotactlc poly- 

prcpylcne having the follov/ing characterlatica: 

Weight Avflrage ^oIccuIrx ^oi&Ut - 29^,000 to 516,000 

HuKber Average Molecular Vcl(jhx - 70,400 to 82, 100 

.Tenalle Sxrcngtb - 3.9 to 6.9 grace/ 

. denier 

Knot Strength ' - 3 <3 to 7.9 erame/ 

denlor 

Break Elongation -3P^ to 62;i 

Young's Kodulua - 3. 13 x lol p.e.i. to 

5-23 X 10^ p.s.i. 

6« A surgical suture packrxgo as claimed in claim 

tiie flUtuxe having a dicricter In the range of fron 0,002 
Inchee to 0.02 inchee. 

7, A method ol improving the flexibility and hand 
of an "extruded 1 sot actio polypropylene monof ilamant 
which coDprlooo the atepe of stretching eald nonoXlla- 
aent at a temporatare in the range of 260^1. to 325^J. 
to 6,6 tlmefi ite original length; and subsequently 
heetliig eald Eonofilaacnt ax a teDperaturc in the range 
of 285^-300*^F, and permitting the otretcbed monoflla- 
nent to contract to between 91?^ and 76?^ of Ita 
atretched length. 

Dated thlfl 4th day of October, 1973. 

ETHICOH, IHC- 

By their Patj^nt Attorney: 




441,5 61 



If). 92 6/70 




Hi. 92 6 /n 
FIG. JZ 




ELONGATION 




441,5 61 



Ifi. 92 6/70 




i \ 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the origmal 
documents submitted b>- the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAW ING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKE\> ED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LiNES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



